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The CheMin X-ray diffraction (XRD) instrument onboard the Mars Science Laboratory 
rover Curiosity analyzes drilled rock fines and scooped soils in Gale crater, Mars. The CheMin 
team estimates mineral abundances and unit-cell parameters of major crystalline phases found in 
each of the CheMin samples with Rietveld refinement of the XRD patterns. The main crystalline 
phases identified by CheMin include plagioclase, sanidine, pyroxenes, olivine, magnetite, and 
alunite-jarosite group minerals. In order to better understand the formational conditions and 
geologic history of the minerals found in Gale crater, the CheMin team developed a crystal-
chemical method to predict limited chemical compositions of the minerals observed in the CheMin 
samples [1,2]. However, limitations in the statistical algorithms inhibited the prediction of 
chemical compositions beyond three elements. In this study, we adapt a machine learning 
technique, Label Distribution Learning (LDL) [3], to predict multicomponent chemical 
compositions of Gale crater mineral phases, thereby allowing for more detailed petrologic 
interpretation of the geologic history of the martian surface. 
 
LDL is a novel framework for classification problems with small datasets and has been widely 
applied to facial recognition problems such as age estimation. In this study, we adapt the LDL 
algorithm such that it can predict chemical elements (labels) and their abundances (degrees) for 
each martian mineral sample, based on crystallographic parameters. We evaluate performance 
using distance and similarity between label distributions as well as mean square error and also 
compare the results to traditional machine learning methods. 
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